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ABSTRACT

-'rhis report describes the development and implementation of a computer

algorithm, based on the shallow-fluid equations of oceanography, for calculating

the wind field above complex terrain. The algorithm contains a two-dimensional

shallow-fluid model in the form of a fully-documented computer program compatible

with a UNIVAC 1108 machine. To guide the selection of initialization procedures

and the optimum finite-differencing scheme applicable to numerical solutions of the

algorithm, a detailed study was made of the analytical solution of the shallow-fluid

equations for one-dimensional flows over an isolated ridge. The selected optimum

finite-differencing procedure is a Lax-Wendroff scheme using nine grid points and

two time levels in combination with a nine-point low-pass filter.

A comprehensive computational program, using an isolated symmetrical

mountain, was carried out to provide guidelines as to the nature of two-dimensional

solutions of the shallow-fluid equations for the wide variety of initial conditions

encountered in the atmosphere. The model was initialized by impulsively accelerat-

ing the fluid to a constant velocity everywhere and, after a while, the flow near the

mountain approaches a steady state. The results showed that the flow patterns

could be divided into four major categories: Suberitical without hydraulic jumps;

supercritical without upstream waves; critical with hydraulic jumps and wind-

direction reversals; critical with hydraulic jumps but without wind-direction rever-

sals. For the subcritical and supercritical flows, initialization procedures do not

appear to pose a problem. For the critical flows, care must be taken in the selec-

tion of initialization procedures.

4 /1

Comparisons of calculated wind field patterns with recent detailed observa-

tions of wind circulations above complex terrain show excellent qualitative apre-

ment in the limited cases available for analysis. Additionally, the computer

algorithm for the two-dimensional model, when applied to the terrain at White -t
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Sands Missile Range, gave results that were consistent with limited observations

available for two example situations.

Thes computer program containing the two-dimensional shallow-fluld model

is written in FOR7TAN V language and to fully documented in the four appendices

to the report. The documentation includes user's instructions, a complete program

listing, detailed flow diagrams, and a completely worked example problem.
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APPENDIX A

USER INSTRUCTIONS FOR THE ASL/WSMR WIND FIELD TERRAIN
ADJUSTMENT MODEL COMPUTER PROGRAM

The ASL/WSMR Wind Field Terrain Adjustment Program is designed to

adjust the wind speed and direction field to the terrain heights at each coordinate

intersection over a reference grid system.

The computer program is written in the FORTRAN V language and is

designed for use on a UNIVAC 1108 computer. The program requires 3139010 words

of core storage including system and FORTRAN library routines. The computer

program has the optional capability of printing the adjusted wind speed and direction

fields and surface layer heights at specified time intervals. In addition, the wind

fields and layer height information may be written on magnetic tape for subsequent

graphical processing. The program uses FORTRAN Logical Tape 5 (Card Reader)

and Logical Tape 6 (Printer) for standard input/output. The program also uses

Logical Tape I as a file for optional output. The computer program construction

is described io Section A. 1 and user instructions are given in Sections A. 2, A. 3 and

A. 4. An example problem is given in Section A. 6 and a program listing is shown in

Appendix B.

A. 1 COMPUTER PROGRAM CONSTRUCT

The Wind Field Terrain Adjustment Model Program consists of six sub-

routines including the main driver program MODEL. Program MODEL determines

the number of problem cases to be executed in a single computer run and determines

the core allocation of variable program arrays for each problem. The computer

program uses object time-dimensioning techniques to accommodate different grid

system sizes. The grid system is assumed to be the first quadrant of a Cartesian

coordinate system with the positive y-axis oriented north and the positive x-axis
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oriented east. The total size of the grid system matrix is limited by the

equation:

N a 7*IDIM*JDIM+-*InDIM+2*JDIM

The parameter IDIM is the maximum size of the x dimension and JDIM is the

maximum size of the y dimension of the grid system matrix. The parameter N is

the DIMENSION'd size of a large array Q in MODEL containing all program variable

arrays that depend on the grid system matrix. The parameter N in currently set to

18000, but it can be set to any value in order to accommodate the program to com-

puter core storage limitations.

The first subroutine, Subroutine JACK, is the main calculation routine.

This subroutine inputs the model data, determines the program options desired,

sets the initial wind field conditions and then enters a time loop through the shallow-

water model eqations discussed in Section 4 of the main body of the report. The

computer program ues a second-order central space and forward time differencing

scheme to evaluate Equations (4-14) through (4-21). The wind speed and direction or

the u and v components of the wind speed, an well as the surface layer heights, are

printed and/or written to tape at selected points in the time loop. When the time

loop Is completed, the program stops or loops to the next problem in sequence.

The remaining subroutines are utility support programs for Subroutine

JACK. Subroutine MISC determines the area of uniform grid spacing within the

grid system and returns the indices of this area for tape output. Subroutine UVDIR

converts the u and v components of the wind speed to wind speed and direction for

printing. Subroutine MOUTNR inputs the terrain data into a specified area of the

grid system. The program fills say remaining area of the grid with height values

calculatd from the minimum height and the height at the edge of the input am as

a funation of distme. Subroutine OUTPT is the tape output routine and uses the

UNIVAC NTRA1 routines.

A-t
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A logic diagram of the computer program is given in Section A. 5 and

detailed flow charts of the computer program are given in Appendix D.

A. 2 PROGRAM INPUT PARAMETERS

The data input parameters required for the computer program are listed

in Table A-1. The information categories in the table are defined as follows:

CARD GROUP
SEQUENCE
NUMBER - Order of input of the three card groups.

NAMELIST - Name of the FORTRAN NAMELIST list to which the Input

parameters belong (Card Group 2 only).

FORTRAN - FORTRAN symbolic notation defining the program input.

MODEL - Mathematical notation correspondirg to the FORTRAN

notation.

UNITS - Dimensional units of the input parameters.

LIMITS - Numerical limits on input parameters.

VALUE - Default value substituted if the present value is zero (Card

Group 2 only).

ARRAY SIZE - Maximum number of core locations reserved for the parameter.

CARD COLUMNS - Data card punch field.

FORMAT - FORTRAN input format.

A-3
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A. 3 DATA INPUT METHOD

This computer program uses formatted as well as namelist input state-

ments. The parameters using a formatted read statement are self explained in

Table A-I. The namelist input data must be in a specific form in order to be read

ii using a NAMELIST list. The first character in each card to be read must be blank.
A

The first card in the namelist list contains the namelist name preceded by the

character $. The last card in each namelist list contains $END to terminate the

list. The form of the remaining data items in the list may be:

a. VariabZe fice - Constant - The variable ncme may be a sub-

scripted array name or a single variable name. Subscripts must be integer con-

stants. The constant may be integer or real.

b. Array None - Set of Conetants (Separated by Commas) - The array

nane is not subscripted. The set of constants consists of constants of the type

real or integer. The number of constants must be less than or equal to the array

size. Successive occurrences of the same constant can be represented in the form

k* constant.

The sequence of the input data parameters within the list is not significant.

A more detailed explanation of the FORTRAN NAMELIST can be found in any Fortran

Language Manual. The Input parameters within the namelist that have default values

in Table A-1 are initialized to zero prior to input of the first case. Parameters

that are not used or have default values need not appear in the namelist list. When

multiple cases are stacked, all parameters retain their values from the previous

case and are changed only by input.
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A.4 EXPLANATION OF PROGRAM INPUTS

The program input parameters are arranged into four card groups.

A. 4. 1 Card Group Number I

This card group contains information specifying the number of

cases to be executed and the size of program storage arrays.

ND Number of times to loop through the entire program reading a new set

of values for NP, IDIM and JDIM on each loop.

NP Number of times to loop through the main calculation routine using

constant values of IDIM and JDIM and reading Card Group 2"(also Card

Group 3 if requested) on each loop.

IDIM Maximum number of grid coordinates in the x direction for all cases

within the NP loop.

JDIM Maximum number of grid coordinates in the y direction for all cases

within the NP loop.

(IDIM and JDIM are used to determine the size of program storage

arrays at execution time. See Table A-I for the limits on these

parameters.)

A. 4.2 Card Group Number 2

This data card group contains most of the program input data.

The data parameters in this group are read using the Fortran Namellst QLST1 to

simplify program input and reduce the number of input cards for similar cases

stacked in sequence. Table A-1 gives default values for applicable parameters in(

A-8
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this card group. Also, all parameters in this card group retain the value set by the

previous case unless changed by input.

LL - Number of grid coordinates in the x direction for the present case.

JL - Number of grid coordinates in the y direction for the present case.

X - Array containing the coordinates of the x-axis of the grid system in

ascending order.

Y - Array containing the coordinates of the y-axis of the grid system in

ascending order. See Table A-I for default values for x and y.

ISKIP - Program option control flag. All ISKIP options are assumed initially

zero.

a. If ISKIP(l) is set to 1, the calculated wind field and layer height

values are printed at each time given in the array PRINT below.

b. If ISKIP(2) is set to 1, the wind field and layer height arrays are

output to tape at each time given in the array PRINT. If ISKIP(1)

and ISKIP(2) are both zero, then ISKIP(2) is set to 1.

c. If ISKIP(3) is set to 1, the terrain height matrix is output to tape

(ISKIP(2) must equal 1 also).

d. If ISKTP(4) is set to zero, the program assumes ULT and VLT

below are input as the initial u and v components of the wind speed

and the adjusted u and v components are printed in the wind field

output print file.

If ISKIP(4) is set to 1, the program assumes ULT and VLT are

input as the initial u and v components of the wind speed and the

adjusted wind speed and direction are printed in the wind field

output print file.

A-9



If ISKIP(4) is set to 2, ULT and VLT are assumed to be the

Initial wind speed and direction and the adjusted u and v com-

ponents of the wind speed are printed in the wind field output print

file.

If ISKIP(4) Is set to 3, ULT and VLT are assumed to be the initial

wind speed and direction and the adjusted wind speed and direction

are printed in the wind field output print file.

e. If ISKIP(5) is set to 0, the terrain height matrix is input in Card

Group Number 3.

If ISKIP(5) is set to 1, the terrain height matrix used in the last

executed case is used in the present case.

ABLK - Minimum layer depth. If the layer depth is found to be less than ABLK

in any iteration, the layer depth in then set to ABLK. A value of 50

meters is assumed If zero is input.

PRINT Array containing the Iterative time step value in minutes at which the

wind field and layer height values are to be printed and/or output to

tape. Values are arranged in ascending order.

ULT The initial u component of the wind speed if ISKIP(4) is set to 0 or 1.

The initial mean wind speed if ISKIP(4) is set to 2 or 3.

VLT The initial v component of the wind Rpeed If ISKIP(4) Is set to 0 or 1.

The initial direction If ISKIP(4) Is set to 2 or 3.

PLT The Initial surface layer height.

I
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DTLMDA Stability factor used in calculating the time step DT. This value should

be as close to 1 as possible. The program assumes a general value of

0.95 if zero is input. Program instability is indicated by a program

message IFLAG ERROR. When this occurs, either the value of

DTLMDA or NCNT must be reduced.

G1 Reduced gravity factor, where G1 = g(1- -) g -

g = the acceleration of gravity

0o = the potential temperature at the top of the surface layer

00 = the potential temperature at the bottom of the surface layer

P1 , P0 
= respective layer densities

The program assumes a value of 0. 1 for G1 if zero is input.

ISMOTH The number of time steps between the application of a nine-point filter

to the adjusted values of the wind field. A value of 10 is assumed if zero

is input. If no smoothing is desired, set ISMOTH to a large value, say,

10, 000.

NCNT - The number of time steps between the recalculation of the time step

time increment DT. A value of 2 is assumed if zero is input.

IUNIT The Fortran logical output unit for tape output. The program uses

NTRAN L/0 with unit 0 an illegal unit. The program assumes unit 1 If

zero is input. If more than one reel of output is executed, a second reel

must be assigned to IUNIT + 1. See Section A. 7 for the output tape format.

A. 4.3 Card Group No. 3

This card group contains the terrain heights and the starting and

ending indices that define the area of storage of the terrain heights within the grid

system. The terrain heights outside of the input areaaare calculated from the
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minimum height and the height on the edge of the input terrain. The starting and

ending indices of the x and y axes are input first, followed by the terrain heights.

IST - Starting Index of the terrain height matrix in the x direction.

IND - Ending index of the terrain height matrix in the x direction.

JST - Starting index of the terrain height matrix in the y direction.

JND - Ending Index of the terrain height matrix in the y direction.

HG - The matrix of terrain heights input by the following Fortran statements:

DO 10 J = JST, JND

10 READ (5, 2000) (HG(I, J), I=IST, IND)

2000 FORMAT (14X, 10F6. 1)

A. 5 SUBROUTINE LINKAGE FOR THE COMPUTER PROGRAM

The logical linkage for the computer program subroutines is shown in

Figure A-1. Each connector represents a communication link between the

subroutines.

A. 6 EXAMPLE COMPUTER PROGRAM

This section explains the input data example shown in Figure A-2. The

example consists of a problem with WSMR terrain elevation data. The example

data shown here is a computer listing of the data. The data are stored in a program

file as an element of the file.

The first card image shown is a system (@MAP, I) card starting in column

one. This card is used to direct the system to link the program subroutines and

form an absolute program deck. The second card image @XQT directs the system

to load and execute the program using the data that follow.

A-12
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MODEL

JACK

MOUTNR MISC UVDTR 0UTPT

FIGURE A-1. Diagram of linkage between subroutines of the computer program.
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The first data card shows a 1 in column two. This value (ND) is the number

of times the entire program is to be executed reading a new set of dimension para-

meters on each pass. The second data card sets NP to 1 and IDIM and JDIM both

equal to 41. The parameter NP represents the number of times the program is to

be executed using IDIM and JDIM set to 41. All following cards beginning with

$QLST1 are repeated NP times. The third data card begins the namelist QLST1.

The parameter ISKIP indicates:

(1) The adjusted wind field and layer heights are printed at each time

given in the array PRINT

(2) The adjusted wind field and layer heights are output to tape

(3) The terrain heights are output to tape

(4) ULT and VLT are input as vector components and mean wind

speed and direction are printed in the output listing

(5) The terrain height data will be input following the namelist

QISTI.

The remaining parameters in QLST1 indicate that output is to take place at 180 and

300 seconds iteration time and the u and v components of the wind speed are set to

7 meters per second. Also, the initial surface layer is 2800 meters high and filter-

ing is to be done on each fifth time step and the output unit is Unit 1. Several para-

meters from QLST1 do not appear in the data because default values are provided.

The parameters and values are:

LL=41; JL = 41; X = UTM coordinates of terrain (see Table A-1);

Y = UTM coordinates of terrain (see Table A-i); ABLK = 50 meters;

DTLMDA= 0.95; G1 =0.1; NCNT 2.
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The namelist is then ended with a $END card. The next card gives the starting and

ending indices of the x and y axes, respectively, which define the area of storage

for the terrain heights that follow. The terrain heights begin in Column 15 of the

card and are read using the statements shown in Section A. 4. 3.

The above example problem executed in 302 seconds on the UNIVAC 1108

computer at the University of Utah. The computer output listing for the sample

problem is shown in Appendix C.

A. 7 OUTPUT TAPE FORMAT

The output tape produced by the program is a binary (odd parity) tape. The

data are recorded in integer binary and floating point binary (real) form. The tape

(tapes) is in multiple file form where each file represents the output from a single

case. The records of each file are arranged as follows:

RECORD 1:

Word 1 - Number of times the arrays UL (u component), VL (v component)

and PL (layer height) occur within the file (integer).

Word 2 - Flag where if set to 1 indicates record 4 contains the terrain

height data HG. If set to zero, then record 4 contains the first occur-

rence of UL (integer).

Word 3 - IDIM or the I dimension of the arrays UL, VL, PL and HG

(integer).

Word 4 - JDIM or the J dimension of tb arrays UL, VL, PL and HG

(integer).
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Word 5 - LL or the number of values in the x axis in record 2 (integer).

Word 6 - JL or the number of values in the y axis in record 3 (integer).

Word 7 - IST or the starting index on the x axis of uniform grid spacing

(integer).

Word 8 - IND or the ending index on the x axis of uniform grid spacing

(integer).

Word 9 - JST or the starting index on the y axis of uniform grid spacing

(integer).

Word i0 - JND or the ending index on the y axis of uniform grid spacing

(integer).

RECORD 2: LL words consisting of the x axis in ascending order (real).

RECORD 3: JL words consisting of the y axis in ascending order (real).

RECORD 4: If Word 2 of Record I is set to 1, then Record 4 contains IDIM*JDIM

words of terrain height data. The data are arranged as if the following

statement were used to write it:

((HG(I,J),I=l,IDIMJ=1,JDIM) - HG is a real variable.

RECORD 5: The u component of the wind speed (real). These data are arranged

as if they were written by the following statement:

(UL, (I, J, 2), 1=1, IDIM), J=l, JDIM)

RECORD 6: The v component of the wind speed (real).

(VL(l, J, 2), 1=1, IDIM), J=l, JDIM)

RECORD 7: The height of the surface layer (real).

(PL(l, J, 2), 1=1, IDIM), J=l, JDIM)
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Records 5,6 and 7 are repeated (4, 5 and 6 If word 2 of Record 1 In 0) the number of

times indicated in Word I of Record 1. If more than one reel of output is written, an

end-of-file is placed at the end of the first reel. This file mark will appear within

the affected file and will indicate a switching of reels is necessary on input. (The

program will rarely require more than one reel of 2400 foot tape, even with several

stacked cases.) The program prints the contents of each output tape file at the end

of each case loop.
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APPENDIX B

COMPUTER PROGRAM LISTING

Appendix B coutains a complete listing of the computer program. The pro-

gram is written in the FORTRAN V language and has been run on a UNIVAC 1108

computer.
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APPENDIX C

COMPUTER PROGRAM EXAMPLE PROBLEM OUTPUT LISTING

The computer program output listing as shown here has several pages of

output omitted because of the volume of the listing. Only important sections have

been retained.

The first page of output gives all of the program initial input data except

for the x and y axes and terrain heights. Pages C-3 through C-18 (computer listing

pages 25 to 40) give the initial wind field, layer height and terrain values up to a J

index of 16. This part of the listing was included by setting ISKIP(1) equal to 1.

Also, by setting ISKIP(4) = 1, the program has printed the wind speed and direction

rather than the u and v components. Pages C-19 through C-34 (computer listing

pages 66 to 81) show a printout of the 79th time step at 3 hours up to a J index of

16. The listing was produced by setting ISKIP(1) equal to 1. This part of the list-

ing gives the x and y coordinates, the wind speed and direction, the layer height

and the vorticity, where vorticity is a measure of the rotation of the wind in units
-1

of see . Pages C-35 through C-50 (computer listing pages 107 through 122) print-

out of the 131st time step at 5 hours up to a J index of 16. This part of the listing

has the same form as that given above for time step 79. This part of the listing

also represents the final solution as the greatest time value input was 5 hours.

Page C-51 (computer listing page 148) gives a summary of the contents of the out-

put tape requested. The summary shows that output from two time steps (79 and

131) was desired and that both were written to tape. The listing then prints the

time step and number of model seconds. The listing then shows the maximum index

values of each output array and then gives the indices of the grid area of uniform.1 spacing. Also, the summary shows the terrain height data were written to tape and

the output tape was unit 1.
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APPENDIX D

COMPUTER PROGRAM FLOW DIAGRAM

Appendix D contains detailed flow diagrams of the A$L/WSMR Wind Field

* Terrain Adjustment Program.
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ale. ~as roosdo bj hect time 410@66i0% limits and calculate. the relative addresses of the program arrays

that depeed as4 rid sad pas". th. a"-*.. to tha male Calculat*O caution JAM.

START

M*~ ND (lepat the sumber of times to
execute entire program)

(tnput the uimber of tiass to
hAD 1nP* in *"IN excute the program using the

tan yT divenetons IDIR tAd JDIN)

SI - J12+1 (Calculate the stating locatione
J2 - AJ14J1 of the variable program arrays
A3 - J2+J12 within the atray

J7 - 36+IDIN
SI - S7*JDIN

CALL JACK(Q.Q(j).Q(2),Q(j4).Q(3).Q(J6),Q(J7). (Pass the array startles
Q(Jg)Q*QqS).QcSI),(52)locations to PTroga

JAMK)

0.2 SUUTU JAC0LL..PLO,3lIUM IMP11UDWPJCw 0049"U4, q,ML)

MbO 1a 0110 INAda Oeation resUM.. 8~*Amte JAC Inputs the majority of the Proven centrol end mel

POWWOW*. The 0eu tees he treals Via embroeme 'NM, calculateei And seto 114tiol asedities ted then

eatene fte gift lmsp Onth lee aelrls s h veetor cospes of the Vied speed ted the surfae layer heights. at the ted

of each time eap, doe Program sheeh to deternms it Printing or t.pe output at the wied field to desired for the

pr"sse It"m step. #40 th time lee, hat beOm completed. the ptOSWam loop to the nest Problem Its Seqet It Preset.
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DILI - Array Ceetalsmi the iNVOree of [X(IIl) - l(a-I)] to ilDalse divisionm Is the time "op.

OELTJ - Array containing the tnverse of [Y(J+i) - Y(J-I)] to misimice divisions in the time loop.

Dal - Array Containing the inverse of [X(1+1) - 1(1)) to inimlaize divisions in the time loop.

DYPJ - Array containing the Inverse of [Y(J+i) - Y(J)] to minimize divisions in the time loop.

DT - Time increment for the time loop.

TIN - Total Stane in seconds of the time lsp.

HG-MGq - Array containing the terrain height*.

JL - Number of grid points im the y-axis.

LL - N"mber of grid points in the a-ais.

L - LL-I

JL, - JL-I

UL(i.J.K) - ULQ(I+(J-I)eIDDI+(K-I)5IDINMJDIN) - The u component of the wind speed times the layer depth where K - 2 is

the present time step end K - I Is the past time step.

VL(1 4 j.R) - VLQ(I+(J-I)
0
ID (K-I)eIDItNJDUI) - The v component of the wind speed times the layer depth.

PL(I.J.K) - ?LQ(I+(J-I)eIDIM+(K-I)'IDUOJDIM) - The surface layer depth.

ULT - The initial u component of the wind speed or the eem vied speed depending on ISKIP(4).

VLT - The initial v component of the vied speed or the direction depending on ISRIP(4).

PIT - The initial heaight of the surface layer.

X - Array coontaning the x-axis of the reference coordinate system.

r - Array containing the y-axis of the reference coordinate system.

PRINT - Array containing the time in minutes at which the wind field and layer heights are to be output within the
time loop. Values ere in ascending order and the maximun is used as the stop value.

IST - Index of the first point in the x array at which uniform grid spacing occurs along the x-asia. This value

and IND. JST and JND below are output to tape for use in plotting the area of uniform grid epacing.

JST - Inde" of the first point in the y array at which uniform grid *pacing occurs along the y axis.

LNDJND - The ending indices in the x and y arrays at which uniform grid spacing stops.

NKT - Number of iterative time steps between the recalculation of the time step increment OT.

VTUS A - Stability factor for calculating the time step UT and maintain DT at a critical value. This value should
be as close to I as possible and still maintain program stability. Values of 0.90 to 0.95 generally
maintain stability.

ISHl1'4 - Number of time steps between the applications of a nine point smoothing function.

CI - Reduced gravity factor equal to g(I-S) whaere Z i the acceleration of gravity (9.8 /s 
2
) and S to the ratio

of the potential temperature at the top of the layer over the potential temperature at the bottom of the
layer.

ISKIP - Program control options. Refer to the user instructions or the program lieting for details.

IUNIT - The Fortran logical tape unit for program tape output. if more then one reel is written. a I is added to
IUNIT and a reel is aesumed mounted on the neat unit. A second reel will be required only i many time

stepe or many problems are being output. Refer to the user instructions or the program listing for the
tape formet.

AALK - The minimum allowable layer depth.

US - Array containing the x axL of the standard WMe grid in U M (kilometers) coordinates.

YFS - Array containing the y as of the standard WSHN grid in UTH (kilometers) coordinates..

SS - Contant used in the nie point smoothing function.

It= - Number of groupe of UL, VL and FL output to tape in any one problem run.

14wT - Array contanling record one of each file output to tape.

STOP - Time of the last time etep to pfoeee.

ITAGI - Flag used to chock if problem has tape output.

JpR - Counter for he PIT array.

I LAG - Program stability fla where if ot to greater thm tere the problem to stopped end the program gesO to
the net ease.

ISAVi - Time step mmber at uhich tape output seers.

TZAV - Time at which toa output cture.

Otbor program variablee are sed for temperar storage ad Imsdoini.
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MIN 2 (Dlaaeal..al pvastes a" for
IFIDtH IDUMIDIN 1uiataa gbragh the arrays t"1,
LIN *Iup"DI V14. TO4 Mod JQ)

ZJUDifl -IJDUIIDIN

of 1000 MspP..U (lucuta porm W cloov)

IIG Cnts~lt L# L?,?..II.3C16RIt.IIltV.

(Pm ~ ~ ~ ISeP <eal vau.frtptpaatr e e

+Dis

Cnvr fro w @po an



YES SKIPM-1

is
ANA 0

f

Is YES
DmIDA 0 VnJO)A-.95

is
GI 1 0 YES

7

no

is c YES
IWAM - 0

is YES
HIM 5 0 SM-2

(Daterstao the wAmber of valuos to the array PRINT.)

HOUT(l) - I

too 20 1.1,19

is TU

Norm - wn(l)+l
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(Provide defmat V4100. for Phe a mad y octal$ 0f Not set.)

2) 0 S)isf

TM1 0 iI~.t Caott ee.

icW 7lu

,rigs
(Um~~~~au~~~iaoL 41riaoideeo h rao .I mgi etn ihstegi.

(impe LLe eraahIgs.

A L
AMD-1

006 1IL



(Ielalls ewipqt tave it Ireqested.)

ITC 0 UI-

ISP2)-0 E

CAL 0 l~ ut

tW(2) t recrdI f hi le

4W )-IL

ALL Yrnp(Ut.JlwUNI , )

(otuDrcr-Io hi 7*

............ 2....



4"m ~ m 0. a" *a worGt~ o lsid

wq L. Ib I. - ed So" 1"s&. Iaevefflem eows~il 4 am

Is . rbea ~nele d1.

.11
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o *jj .OIPLQl)-Y )

is

YES ai YS a

Y" IN

L... - J

0 D22 -1,9j

& ______________________________________________________ ____________



JL

'II

(Ooeset the initial Ies Chome Sm 1 eit .LSTI.)

(.epat the initial Wind flemld er %eight and certain d6oe.)

TINS a
At - D?*VM.
G2 - 0.56CI

151.2 - 0

is tpcotte

ONiise >ha 2 aeasewOI

lDM-1-11.

IN 0*>



Is YE
S420 o igIJ

I 1.031(1

A9 > 3DT*DrT*S.

(Accumlate time.)

(fteluete UL* Vt.ai Fl, t.e each grid eerdstetr Chi& time step.)
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sar*t paemters Ot ow. camtot
for the J dinsuom.

JI2 * ~I*1+ZL2
j"1 *JP1U-IMtIm

AI 2 J? .1-D11 M

DY? * DPJ V)
0T VJ(J-I)

UL(IJ 7 It 2+1vlatt

UL(I.J.) Is elq(Ju

UL(I+I,i.1) - LQ(JI2+k)
VL1TJN1.J) - MLQEP12)

LM - NJ2

(lb.~ ~ ~ ~ fo0o0n oqeton donYt!bttESft ftmoa qain

L - .Q2000

FLA - K(la

UL? - DLQ(JP1)
PL5' - flQUJ12)

DOW U 140124-)
VLO VLQ(8U2)
PU P 14(JIUZ+)
lLY? - Lq(JFIZ-L)
DLMI VLQ(J1124l)

PVLP * LQ(JI)
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vLIm1 - VLQ(flh12-I)
PLxyj - )l.40KI2-1)

ULAW - ULQ(Jpta-l)
VLUnP - YL@(JPIZ-1)I I
PLMYIP - ?LQ(Jpi2-l)
ULXPYm - ULQ(JN) 241)
VUPYN - VLQ(J.2.)
FL?.PVW - tLQ(JNZ 1)

PU)I I -0/PLU
Purl - I.0/PLXIP
PLIOI - 1.(J(PEMI
PUV?) - I.OiPLIP

PYL- I -O/PLTM
PUAYPL - 1.O/PLXYP

P13Th) - 1 .O/PLXYh
XRmpPi - I / VLMYFf

pXpymq - 1. D/?LIPYII

A39 . IIGQ(J12-11L2)
A43 - I4G.tJFi!-IbL2)
A79 - HCQf(J1412-15L2)

A21 - )IGQ(J12'+IJIP)
A?$ . hICQ(JPI2+LJOUIP)
A76 - NQ(JNI)2+IJDm?)
A?? N GQ(JP12+4JD113)
£78 HGQ(J124'IJDIM)
AS0 *rA~(JMk2+JDIM0)
Al - 2.0*4=LX(1)
£2 - 2.0*DELY

£10 - ULkPP
A12 - UUXP*AIO

A14 - ULOCAIl
£3 - PLXPOPLXP

A16 - PLA*PLA
A56 - 0.5*VEL1
A46 - VLXYPPLXYPI
Al? - A46*VLXYP
A51 - LILXPY'h*PXPYh1
£18 - ASI4VLXPYh
A49 - ULYPOPLYPL
A19 - A49dVLVP

53- ULYM'PLYNI
AN0 - £53*?LYI
£6 - A19-£20
A33 - (PUXPLB)*02
A22 - £21-&39

(f+) Equation (4-20) in Section 4.

AS ULXN*PLXNI
A28 *ULXN*AS
£29 -PL)04*PLOE
£47 -ULfl(TPX~W1
£30 A 47&VUO4Y?
£12 -ULXLYH*PLIYhI

£40 -(PLhCUOI)*02

(Pact 09 OOCsad-Otdw torus cnn to UL. VL and PL)

OW * Wl(?-1)0((AI4-£2842(A16-A29)).£40'(A39-A76)).£,6*
(£Oe3O-31)

WI) k"Lan (4-20) In Section 4.

£54 - .S0 0(LXI(1)
A34 AIO10VLXVP

A2% & 3"-35
A? * LIPPLYPI

£45 - VLB*PLNI
£W - A45*VL%
A38 : PLlWfl.VP
MGS * O(PLyTP9*)

(pact of eeeee-gtdeg torus curn.. to U).. P1. ad #1.)

03-*A0A0£2)O O(£-3.@*£.I.)a

*(a ) Laqition (4-21) In Section 4,
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A41 - VLUOASO
MZ2 - PLUPLU
An- g2*(fl.Dnl.U

(Poil of .eai-odart erm came to UL. V. and F0)

GH - A540(A254AIS-£31 )40VP( (A37-AM14C2' CAIG-MZ) )iA23*
(AJ9-A79)) - (4-) Equation (4-21) in Sectiun

ASS - AS£4
A3 A £1-AZ#

AS Ai-A29
AS? -A56+A56

£24 * £21-All
(piiot-o@iii term of u cowofeul Iquation t4_14))

A59 -VLYP-VLII
A4 -A146PLAI

(£7 1*AS9)

(Foit of "~Coorder term of u cioaaaot. £quatton (4-17))

&V9 - (AIO.AAZ)'?P4.A3'(A33-0.5*(AI2QPLPI4))

A72 - VUO(W-VLXY
A44 -(1L-IO)UPi-4

A56*(A59+A72)

(Fort Of SOCOad-OriaT tofu Of v COM11ofbmt. 114ustion (4-1 7))

32M - (A11,A8)'VW+44M(&40-O. S'(A4+AS'AU))

A27 * PLZYP'FLXTP
£02 - PLXO(WFLJO4W
A46 - AII*VLZ
A73 - ULZY?-ULXNYP
A07 - ULXP-UUOI
£15 - (VLYF-vi.)lWP£54*(A73+£07)

(Parl ot eacced-order tame of u Compoaeot. Iquatton (4-17))

M24A50)).0?'(A9-4O)£05054(A7-A7+A2&) )+(A49+
kAl )*CF-(Al9OPLYPle£48'FLBl)'£1S) 

L
A61 * 1JLN'PLXPII

*63 * LIUEFLIIH
A64 - £W'LIZ

£39 D* 43-£79 434

(Partif seodr lorer of couo. t g"ua ti (- ))

C ASS'£43 £57'(A70CA20£)A26'£*(2£6 AD)(IIA

(Fi o d co-termlat of v mponent . S d1on (-15))

AWWVU)*w~LtVUIWO IIVIWPI-UmtB ,LKWI*FlZWWI
G(? A h))i*A36SOf*69A70 ))-(A04.£)SLI )
*As 3)

(Pail of eme-Ord"i torn of v eoml . Uq..le (4-19))

CM AeS~05(64.W£A) 6I)

£6)AWA0" lVMl- I- £3SO£67£5?A59I

&A " ) A " a -W &
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(v Velocity one n (s , Equatioa (/-35)

vL*3 - %I4( 12) -C14Ag (Alt (CZP-C2NO*A2* (OP W-M)*cl *VXLYA09
M60)

S 11(J13) - IPLq(Jl2)-PMAIO*A9*(All(P-W)+AL(GP-14))

(Set up the boundary Coniions by setting the ougaumost row*
OWd Coaln aqual to the second to outermost raw and columns)

CIC ULIUKI)-U(.,DN

VL(iK~K -LZJiK
3 - 5 W

;g**.KIN i(LL.. -'IN



(u pateta deja time sack Lia1eethlS to called for.)

UL1)* aoQ(X#1JID

PLQ(L) - LQ(I.IJOIM)

*1') L(+IDM

-jPA(~j

(I rbe usal?

(Use9-pon~ ~1O8 tmcYES.

ne 00 I.2LU

ULC .JKMNl) U0 i ~.l (Lll. g ~ N4LlZ J.~l

UL~lJ~l.ZN)4is~ .JI.DN-4OI( Jzr)d(L.l.1
K~043(tIJl 31N41LIi J- KMIR LZI.* K~)40
UL~l ,~hDIN?

(Us 9- a smohn fnto.
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IsYE
PL(I.KD M-I) < AD (IlJ..KINbI1N-I)

PL(I.J.KD-I) > VL120000 FLAU)

620 .JLEIN LZJUEHI
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VL I. .K1'1 V- -,K lM l

FL(IJ.K ~ 4-l - '-.JK- M-



I L

(output ut~ wied field an d layer heighsi his tasle.) le.

(Outpu Win fLIJ i eld0 J Land la er heigh s

is- R18

-FA ., 0 -s60tatsouto



now

is
I . I gs

OR

I !SLL
on YES

J A

VW - VLII+).J.J)/PL(Z+IJ.1)

VLXN - VLO-10,MPLU-10.1)
ULYF -
ULIM -
Von - (VIAP-VLMOODRUtt M-

(ULXF-UL)W)*PCLYJ(J?

is YES

SO

LIXFS 

.

56 

Y,

LINES - b

WRITE New heading.
now Page

roft vretor toWeents to
6900d And direction)

is
ISKIPM I firs

09 - 3 CALL UVb)A(UI,$.VLD)

No

W171 Z.Jxf0.r(J).ULf,
VLD, .Von

D-19



II
I (~~~b~eh ~ i., sam t)4FA

D-201 a

(Otu idfeI~ "Isfhthgt aetp.



(close output to"e file)

CALL NTUA(IUI(fht.22.9. 22)1

(Wrfite the Iat fil ontant)

0.3 ~ ~ ~ WRT sumnwii NIm(II.LLJLC.

?odr timdgepe.d ie

IND.J S Y, U ,JIJ

(tti te le egh only ce)

L00 MI]I
is2



mSup Inpu 
40rai area l atIhX 

ondr

1-+

2Y

is2

t .*&L



JL-Sj

is YES
JKD < IM4 IM4-JUD

IL - IMI-I

DO 50 1-4, IL

XR2 (1(1)-1(3)*XKll

DO 50 i-IM2.IN4

50 COUTINUE

is
J-J+l i .. 1144

?

YX

-4

is
I ! IL

L

00 Y,

X"I - 1.01(X(LL-2)-X(
IL : LL-3

IS TK3+1

0060 1-1 LI-Li

NO

00 60 J-UUn=m4

(n(OnJ)-m"m)

D-23



60 coirrimt

!ISIM4
?

Us

is
I IL

YLSI L 

YLS
In:: 4

x"l 1.0/00" 
"(3))1. : IM2- 1

tR LL-J

Of 70 J-&.IL

XM2 - (Y(i)-Y(3))*XMI

00 70 I-4.IR

(NG(l.lN2)-XNIN)*XN2+XMIN

10 cwrlmg

is
I lit

is
J-J+i i I

ESY 'ES

XMI - I ORTUL-11) TO"))
it, - A-3
IS - D14+1

Of 40 J-1S.tL

-E #

(V(JL-I)-T(J))qmt

so a I.G.M

D-24



Yaas

D. 4 SUWIMU UVI(IlIMtT.M=if.ARBAT.NOGO)

smbroatim 0VU? writes the Wind field and layer hMUMh information to save tape. Thue routine mesa the
UNIVAC 110a JITNi subroutines for all output.

(MMiwo rde of binary data are written to tape KUNIT from the area AllAY.
The statls of the operation Is stored in ISTS at the completion of the
operation.)

(Loop it operation is not complete to prevent overlap processing)

irach If write was successful)

(Branch If ead of tape Is detected)

D-25
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(bvaaoh It parIty or bs.dvsae orcTe occurred)

(*1g.o a message that enursecegsiaable error code has occurred)

(Secksace ego record ead wite an end of files m. mwj.UL Laps and
lrmsit the tap suit doelgastot WITt. The last record Is a -

%-On rewritten an the second tape.)

(backsaea to start of rcotrd erytewit.I

I I alter 5 tries, return to calling program wrilte error
ealtio set.)

(gtuCA bl rrrMbe

[TY-I1~

IIUI



YES i S

(Ending pareter occurs the first tia., the Jiflrznzn
greater thuan the sain"m.

(HAS the minlows and STY been deteaunedl)

(1.th mniumeqaltoth lstdifeise?

IJT! E

(Se strtig iis.to eetmiam dteced.



IJST 0l~s'1

is.1

D.6 SUNOJflU UYI(.T)

Subroutlue UVOLII converts the vector caonents u and v of the vied ape"d Intoe iuni speed VA direction.

DIS 270.O-ATil(VX)
5 .295SZ

is____

DI 6vaIi-6.

X W'*+IT

y Oil

* i6

D-28 .*



DCUNdiT CONTROL DATA. RD
ageega1111 of eftft ot 4eemwe e9 dane Iipesvda ftof01 ti 40 wh" do oweeU mo of IsesU.
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Salt Lake City, Utah 84109
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STUVY AND INVESTIGATION OF CDW~UTER ALODRITHMS FOR THE SOLUTION OF THE SHALLOW-FLUID
EQUATIONS AS A EANS OF CWUTrING TERRAIN INFWJENCES ON WIND FIELDS- --

4. 066CUPTVee NOT60 (17ge ofpUW vd *eWewft IlolJ

Technical Report
SAUl S110 (PR mo~~inS.MWPI mtsai

Arthur G. Tingle and Jay R. Bjorkiund

C. nUPORT @010.TTA 6.O P45 T.No rRr

July 1973 28( oue)1
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10. DISTSUUTIO#4 STATUSOGNT

Approved for public release; distribution unlimited.

II. 8UPPLIENTNARV NOT9 Ill. 110001201016,1 #MLITINY ACTIVITY

CoAtract Antopher snesh Laboator Form Elecroutnwcse 07703
ontract Atmosphoric ScrenJos Lahoann r FoSrm EletroNics Cotrend070

White Sands Missile Range, NM 88002
19. A89T7ACT

Thi report describes the development and documentation of a comptiter algorithm,
containing a two-dimengional shallow-fluid model, for calculati 'ng the wind field above
complex terrain. The optimum finite-differencing procedure emrploye4.,for numerical
solutions of the~algorlthm Is a Lax-Wendroff scheme using the grid points and two tine
levels In comb~ination with a nine-point low-pass filter.

A comrehensive computational program, using an Isolated synwietri.gal mountain, was
carried out to provide guidelines as to the nature of two-dimensional solutions of the
shallow-fluid equations for the wide variety of Initial conditions encountered In the
atmosphere. The results showed that the flow patterns could be divIied Into four
major categories: Subcritical without hydraulic jumps; supercritca'I without upstream
waves; critical with hydraulic jumps and wind-direction reversals; etitical with
hydraulic jumps but without wind-dIrection reversals. For the subcritical and super-
critical flaws, initlalization procedures do not appear to pose a problem. For the
critical flows. care must be taken In the selection of Initialization procedures.

Comparisons of calculated wind field patterns with recent detailed observations of
wind circulations above cofrplex terrain show ecellent qualitative agreement In the
limited cases available for analysis. Additionally, the computer algorithm for the
two-di mensional model, when applied to the terrain at White Sands Missile Range, gave
results that wore consistent with the limited observations ava!labls for two example
situations. The conputer program containing the two-dimenslo I shallow-fluid model,
wri tten I n Fortran V language and de*sIgned f or use on a UN IVAC I 108 mach Ine, Is f ullIy
documented In the appendices to the report.
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